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(57) ABSTRACT

A cold box having a cooling receptacle filled with a dry
protective gas in which is accommodated a rack loaded with
tube-shaped vessels. The cooling receptacle is covered by a
movable lid which is associated with a lid part and which is
preferably formed by an outer lid and a rotatable inner lid
integrated in the outer lid so that the cooling receptacle is
completely covered in every position of the lid. At least one of
the through-holes provided in the inner lid can be arranged
over a respective tube-shaped vessel by a coordinated move-
ment of the outer lid and rotation of the inner lid so that the
tube-shaped vessel located under the through-hole in align-
ment therewith can be filled with a sample through the
through-hole by means of a commercially available pipette
tip/dispensing needle of an automated pipetting device.

4 Claims, 10 Drawing Sheets




US 9,416,345 B2

Page 2
(56) References Cited 2005/0211622 Al1* 9/2005 Carlson ................ BO0O1J 19/0046
210/428
U.S. PATENT DOCUMENTS 2006/0093530 Al* 52006 Ueda w.ooccrrrvrrrorrn, BOLL 9/543
422/400
5,792,430 A * 81998 Hamper ... BOLJ 19/0046 2008/0072689 Al 3/2008 Muraishi et al.
292/116 2009/0130745 AL* 52009 Williams ............. BOIL 3/5027
5,863,507 A ¥ 1/1999 James ................ BOIL 7/00 435/287.2
422/562 2010/0258578 Al* 10/2010 Motadel ................. BOIL 9/543
6,141,975 A 11/2000 Tatsumi 22171
6.170.267 BL* 112001 Kitaoka oo BOIL 7/00 2011/0236278 Al*  9/2011 Motadel ................. BOIL 9/543
62/3.6 422/560
6,337,435 Bl*  1/2002 ChU ovcoovvveevrrereeenn, BOILL 7/52 2011/0293488 Al* 12/2011 Nichols ............... BO1L 3/50853
136/203 422/500
6341490 BL*  1/2002 JOnES woomov BOIL 3/50851 2012/0295249 Al* 11/2012 Cherubini .......... GOIN 21/645
165/80.3 _ 435/5
6,696,302 Bl 2/2004 Franzen 2012/0329143 Al 12/2012 Yamazaki et al.
7036.667 B2*  5/2006 Greenstein ... BOLL 9/527 2013/0240181 Al*  9/2013 Yasunaga ............... F28D 15/00
B 206/205 165/104.28
7,452,510 B2* 11/2008 Weinfield ............... BOID 61/18
141/130 FOREIGN PATENT DOCUMENTS
2002/0132356 Al 9/2002 Qureshi et al.
2003/0143120 Al* 7/2003 Ruediger ............ BO1L 19/0046 DE 10 2004 008 496 B3 7/2005
422/561 EP 1898218 A2 3/2008
2004/0023371 Al* 2/2004 Fawcett ........ccccoenn. BO1L 7/52 JP 2009-139269 A 6/2009
435/303.1 WO WO 2005/085092 A3 9/2005
2004/0028562 Al* 2/2004 Greve ............... B01J 19/0093
422/545 * cited by examiner



U.S. Patent Aug. 16, 2016 Sheet 1 of 10 US 9,416,345 B2




U.S. Patent Aug. 16, 2016 Sheet 2 of 10 US 9,416,345 B2




U.S. Patent Aug. 16, 2016 Sheet 3 of 10 US 9,416,345 B2

X0
Duat’ KN\t XN
OO0
P TN KA Tl A AN TN RN TN
00000000 !
N [N} AN 4 4'5 3
000000000
00000000
0000
) 000
e®

000
000

O

b1




U.S. Patent Aug. 16, 2016 Sheet 4 of 10 US 9,416,345 B2

y Lo ! S
@\ i i \Oo
S (@A
\
S s ! | o
/ | )
i
M~ - — =)
\ u—:
o A
\\____/ °
<
<
N
A L]
—
) e
d (-
e I =
N N
o =
e
o




U.S. Patent Aug. 16, 2016 Sheet 5 of 10 US 9,416,345 B2

£,

10.2.2

2. /
10.2.2 10.2.1

10.7

Fig. 3D



US 9,416,345 B2

Sheet 6 of 10

Aug. 16, 2016

U.S. Patent




U.S. Patent Aug. 16, 2016 Sheet 7 of 10 US 9,416,345 B2

7.3.1

—_— r,-;.—-,,----,--,,-? prrmeme s e
1 |
b OO i 0000
NN AN [
R RN NN AN 1 XL L X
LA AN R A AR ) W VIV I
HERININ NI VIR NN NINININININ]
Y w LA A R R
b R0 b OO
VAR AR A A W [ A SR AR R IS B L O
W RN I R I WD I ATATaYaYatara et
[T NSNS AN N *;/‘_/;:\11_\)\_\1\_11__/\_1 o
re S
i " A
I M AYAraNaVaVaYars [
RN KX XXX it R
3 CHRIQENARA I
PN % I gy S AN A A AT
IO INIONION i OO )
A R A A S v VIV IE N N W I
MR NI AR I R SR I PR i TaTAYAYare Ve P
NSNS N PRI SR RIS I L A |
n VAV AU I i i) u )/\)/\)/\/\r YN
AN ! [N ‘;\";\"-/‘.‘1‘-/ .
:: AR R A AR H \_}\‘_l\_lt_)\_)\r:l\/')\il i
v S J ¥ i
e o S e s e e

-

8o TN



U.S. Patent Aug. 16, 2016 Sheet 8 of 10 US 9,416,345 B2

7.7.1

z

Fig. 6



U.S. Patent Aug. 16, 2016 Sheet 9 of 10 US 9,416,345 B2

T T
| \ ./
1 I
I 1
) ]
! I
| | 7.2
) ) o
! |
i . ( 1 /
! | i /”/
1 ! B R
; e e s e ey ! ! s N :
N S u u _— — I ~ 4 L]
~ ~ —_
L OO0 L OO0 |
~ N N Ny IO TON A K
TR INTR IO " PRI 5
[ '
RGN QIO N O 0N n Ll i
iaYaataVaratatatli Relala) ::
~ N i A u
[T AOSOGON T | el :
h < & L [ aYaTe I
W L NIRRT BT » \;\}hu“/ :.
N KRR RS A AN aYavs ]
7 i ‘\R/‘J@‘@,}"J"J i v i
Vi N[ Y, [ NN N N I
PR avaralararatall Ralalale] ;.
NAA A A A A [IATaTYe ,
| IO ST IV " ;\' T ’ 7 . 3
N I Ve !
PRI LI LN L, e O LAY T i Lt it I | |~
VA A AR SR 8 ;
OO0 SN VO] ; PR " ,
I X N Ii 7 1
n R CR D w L0000 u D @
n t " ™ '
Vo | S R || | P —— ! 'V
! ! N[
h : ]
i H ;
1 1
| H )
i e——>) i Hie S
' ] ]
' ' 5 7.3,
| I : o Ja
+ ] v
| i |
I i i
! 1
. !

7 14



U.S. Patent Aug. 16, 2016 Sheet 10 of 10 US 9,416,345 B2

D
’ﬂﬂﬂﬂﬂﬂﬂﬂ\ <
8.2 7.3
AN
7.2

ravya’
(I




US 9,416,345 B2

1
COLD BOX WITH A RACK LOADED WITH
TUBE-SHAPED VESSELS FOR AUTOMATED
FILLING BY AN AUTOMATED PIPETTING
DEVICE

RELATED APPLICATIONS

The present application claims priority benefit of German
Application No. DE 102013 101 176.4 filed on Feb. 6, 2013,
the contents of which are incorporated by reference in its
entirety.

FIELD OF THE INVENTION

Blood samples or other biological specimens are routinely
analyzed in laboratory practice. It is of interest to analyze
these samples while still fresh, but also to examine them again
at a later time for other analyses or for comparative studies.
The samples often arrive irregularly over a given period of
time (e.g., urgent samples, higher-than-average quantities of
samples after morning collections, send-in samples) so that it
is usually impossible to examine the samples continuously in
an equally fresh condition. It is well known that the quality of
samples suffers when stored at room temperature, i.e., labo-
ratory results which were determined directly from a fresh
sample do not necessarily correspond to results from the same
sample after longer storage. Important data is lost through
improper storage. It is well known that the quality of samples
can be preserved by cooling the samples or storing them at
low temperatures. Biobanks in which samples are stored for
decades at nitrogen temperature are illustrative of this.

BACKGROUND OF THE INVENTION

In practice, several thousand samples pass through state-
of-the-art automated laboratory installations every day. With
the help of laboratory management software, these samples
are managed and sent to the appropriate test equipment
according to the requested diagnostic tasks, and the test
results are archived and sent out. Samples intended for later
use can easily be sequestered out of this process. Thus far,
however, there has been no simple possibility for suitably
dividing these samples into portions (aliquoting) as quickly
as possible (above all in an automated manner) and cooling
them to a suitable storage temperature as soon as possible.

Aliquoting is usually carried out by means of automated
pipetting devices which detect (compare to the database) the
sample tubes in which the samples arrive at the laboratory and
which are labeled with bar codes, take up (suction, aspirate)
the samples by means of pipette tips or dispensing needles of
an automated pipetting device and divide them into aliquots
(fractions of the sample) by distributing them to a plurality of
tube-shaped vessels which are suitable for freezing and which
are likewise coded. Commonly used sampling tubes are
manufactured by Sarstedt, e.g., Monovette®, and BD, e.g.
Vacutainer®.

Tube-shaped vessels (crytotubes with two-dimensional bar
codes) manufactured by Thermo Matrix, Thermo Scientific,
ABgene or FluiX, for example, are used for the aliquots.
These tube-shaped vessels are in turn usually supplied in
plastic racks (tube racks) in 8x12 format (eight rows A-H and
twelve columns, 1-12).

The aliquots are often 1-ml portions of the serum superna-
tant of the samples. However, other components of a blood
sample or completely different biological samples are also
possible (other body fluids or dissolved biochemical samples,
also separate from any solvents that may be needed).
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Four temperature ranges are considered practical to
employ for the processing and storage of samples. Fast pro-
cessing of liquid samples at room temperature, intermediate
storage at —20° C. for the space of a few hours, storage at —-80°
C. for many weeks and months, and indefinite storage under
actual cryogenic conditions, i.e., in liquid nitrogen at 77° K.
In routine laboratory practice, this is often carried out in
stages. Accordingly, insertion into the —-80° C. area of an
automatic storage is often carried out via a -20° C. interface
system (e.g., Liconic ULT Store). A cold box according to the
invention serves as —20° C. intermediate storage and is used
irrespective of the further use of the sample.

In current practice, the tube-shaped vessels with the
samples which often arrive in the laboratory at indeterminate
times are filled at room temperature and are loaded into a rack
so that the rack is completely filled before inserting it into a
cooling device or the rack is placed in a cassette having a
plurality of places for the racks, and the cassette which is
completely filled with racks is then inserted into a cooling
device, e.g., the STT3k0-DF by Liconic AG. The individual
samples are exposed to room temperature for various lengths
of time before being inserted into the cooling devices, which
leads to a loss of quality as was mentioned above.

It is the object of the invention to find a solution by which
samples arriving in a laboratory at different times and in
different quantities can be cooled to a cooling temperature
within a very short time.

The object of the invention is met by a cold box with a rack
loaded with tube-shaped vessels for automated filling by an
automated pipetting device. This cold box has a bottom part
and a lid part, a rack which is loaded with tube-shaped vessels
in a matrix of rows and columns, wherein the rows extend
along the width of'the rack and the columns extend along the
length of the rack, a cooling receptacle which is enclosed by
thermal insulation and which is at least partially arranged in
the bottom part and which is adapted to the outer dimensions
of the loaded rack, and in which the loaded rack is placed.

The 1lid part comprises a lid frame and a lid which is
movable in the lid frame in direction of the columns or rows
of the rack and in which is provided a quantity of openings
which are adapted to the circumference size of a commer-
cially available pipette tip/dispensing needle of an automated
pipetting device so that one of the openings can be positioned
over each individual tube-shaped vessel in the rack. The lid
completely covers the cooling receptacle in every position so
that a dry protective gas with which the cooling receptacle is
filled and which is heavier than air remains in the cooling
receptacle. The cold box further has a cooling device which is
integrated in the thermal insulation in the bottom part and
which contacts the cooling receptacle.

The 1id is advantageously formed of an outer lid with a
cutout which reaches at least over the length of a column and
an inner 1id which is adjustable relative to the outer lid and
which covers the cutout. The at least one opening is a through-
hole in the inner lid and can be positioned with respect to the
tube-shaped vessels by moving the outer lid and adjusting the
inner lid.

It is advantageous when the cooling receptacle is located
partly in the bottom part and partly in the lid part, and the
portion of the cooling receptacle in the lid part is formed by a
formation in the thermal insulation and the portion of the
cooling receptacle in the bottom part is formed by a trough.
The rack advantageously sits on a tray with two tray handles
for easy insertion and removal of the rack. Two opposing
recesses are provided in the formation of the thermal insula-
tion for the tray handles, and the tray handles are received in
these recesses.
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To fill the cooling receptacle, it is advantageous to provide
a feed line for the protective gas in the bottom part. The
cooling device advantageously comprises a plate-shaped
Peltier cooler and a liquid circulating cooler. The Peltier
cooler communicates directly with the trough on the one hand
and with the liquid circulating cooler on the other hand. In
order for the lid to completely cover the cooling receptacle in
every position, this lid is movable proceeding from a central
position in positive or negative direction by one half of the
length of the rack between two end positions and the length of
the lid is selected correspondingly. The inner lid is advanta-
geously integrated in the outer lid. The outer lid and the inner
lid can also be arranged one above the other so as to overlap.

In a preferred embodiment form of the cold box, the inner
lid is round and is rotatable by at least 180° around the
geometric center of the outer lid, and the quantity of through-
holes is equivalent to one half of the quantity of tube-shaped
vessels arranged in a row, the through-holes being arranged
on a straight line radial to the center of the outer lid. In order
to be able to monitor the fill level, it is advantageous to
provide a gas sensor in the cooling receptacle.

BRIEF DESCRIPTION OF THE DRAWINGS

The cold box will be described in more detail in the fol-
lowing based on embodiment examples referring to the draw-
ings. The drawings show:

FIG. 1a is a first embodiment example of a cold box in
which the lid is located in a central position;

FIG. 15 is the cold box according to FIG. 1 in which the lid
is located in one of two end positions;

FIG. 2 is a top view of a cold box without a lid part;

FIG. 3a is a partial section through a side view of a cold
box;

FIG. 35 is a partial section through the top view of a cold
box according to FIG. 1;

FIG. 41s a bottom part of a cold box with thermal insulation
partly removed;

FIG. 5 is a lid part of a cold box according to a second
embodiment example in two different positions;

FIG. 6 is a lid part of a cold box according to a third
embodiment example in two different positions;

FIG. 7 is a lid part of a cold box according to a fourth
embodiment example in two different positions; and

FIG. 8 is a lid part of a cold box according to a fifth
embodiment example in two different positions.

DESCRIPTION THE EMBODIMENTS

A cold box 1 according to the invention with a rack 3
loaded with tube-shaped vessels 2 for automated filling by
means of an automated pipetting device 15 substantially com-
prises a rack 3 loaded with tube-shaped vessels 2, a cooling
receptacle 5 filled with dry protective gas 4, a cooling device
10 and a 1lid 12 which closes the cooling receptacle 5 and is
movable in a lid frame 7.1.

In the rack 3 which is loaded with tube-shaped vessels 2,
clearly shown in FIG. 4, the tube-shaped vessels 2 are
arranged in a matrix of rows 3.1 and columns 3.2. The rows
3.1 extend along the width of the rack 3 and the columns 3.2
extend along the length of the rack 3. Racks 3 of'this type are
known from the art. They have standardized outer dimensions
and usually have eight places for tube-shaped vessels 2
arranged in a row 3.1 and twelve places for tube-shaped
vessels 2 arranged in a column 3.2. By virtue of their arrange-
ment in rows 3.1 to which letters (A . . . H) are assigned in
alphabetic order and columns 3.2 to which natural numbers
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(1 ...12) are assigned consecutively, the location of each
tube-shaped vessel 2 is uniquely defined by a row 3.1 and a
column 3.2, which allows a through-hole 7.3.1, described
later, to be specifically positioned so as to be aligned over
each tube-shaped vessel 2 for guiding through a pipette tip or
dispensing needle 16 of an automated pipetting device 15.
The outer dimensions of a rack 3 which is loaded with tube-
shaped vessels 2 are determined with respect to width and
length by the rack 3 itself. Conversely, the height is substan-
tially determined by the length of the tube-shaped vessels 2,
although the latter can also be supplied in standardized
lengths.

The cooling receptacle 5 is adapted to the outer dimen-
sions, length, width and height, ofthe loaded rack 3; that is, its
inner dimensions are only negligibly larger in order to prevent
tilting of the rack 3 when inserting into or removing from the
cooling receptacle 5. The interior which is enclosed by the
cooling receptacle 5 and which determines the interior vol-
ume to be cooled is accordingly minimized in an advanta-
geous manner. As was mentioned in the introductory part, the
cold box 1 is to be used for cooling samples to —20° C. The
cooling receptacle 5 is closed by the 1id 12, formed in this case
by an outer lid 7.2 and an inner lid 7.3 integrated therein. As
will be described later, at least one through-hole 7.3.1 is
provided in the inner lid 7.3. In order to prevent air from
entering the cooling receptacle 5 through this at least one
through-hole 7.3.1 and thus forming ice inside the cooling
receptacle 5 as a result of condensation and subsequent freez-
ing of the condensation, the cooling receptacle 5 is filled with
a protective gas 4. Protective gas 4 which is heavier than air,
in particular argon, is used for this purpose. A feed line 4.1
through which the closed cooling receptacle 5 is filled with
protective gas 4 is provided for filling the cooling receptacle
5. A gas sensor 11 is advantageously provided in the cooling
receptacle 5 for detecting the fill level of the cooling recep-
tacle 5.

Although the inner volume of the cooling receptacle 5
permanently communicates with the atmosphere via at least
one opening 13, in particular a through-hole 7.3.1, at least in
this first embodiment form as will be described later, no air
can penetrate into the cooling receptacle 5 due to its being
filled with the protective gas 4, or the penetration of air is
largely prevented in this way. Of course, it would also be
possible to always cover this at least one through-hole 7.3.1
and to remove the cover only when the tube-shaped vessels 2
are to be filled through the at least one through-hole 7.3.1 as
will be described later. However, a solution of this kind would
mean additional mechanical expenditure and control
resources and does not prevent air from penetrating nearly as
effectively as the protective gas 4.

In order to insert the rack 3 which is loaded with tube-
shaped vessels 2 into the cooling receptacle 5, the cold box 1
is divided into a bottom part 6 and a removable lid part 7
which are connected to one another, i.e., which integrate the
closed cooling receptacle 5 in the closed state of the cold box
1.

In particular for convenient handling of the filled rack 3
when inserting and removing, the cooling receptacle 5 is
advantageously not accommodated in its entirety in the bot-
tom part 6 and is only covered by placing the lid part 7 on top;
rather, the cooling receptacle 5 is formed of a portion 5.1 in
the lid part and a portion 5.2 in the bottom part. The portion
5.2 of the cooling receptacle in the bottom part which com-
prises a cooling receptacle bottom and approximately 80% of
the height of four sides walls of the cooling receptacle is at
least partially constructed as a trough 6.1. The trough 6.1 is
made of a material with good thermal conductivity and a high
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thermal capacity. Aluminum is preferably used for this pur-
pose, although other metals or even modern plastics can be
used. The trough 6.1 is enclosed on all sides, advantageously
by only a first portion of the thermal insulation 8. This first
portion of the thermal insulation 8 is advantageously a first
shaped body 8.1 whose outer circumference and shape char-
acterize the shape and size ofthe bottom part 6 of the cold box
1.

In order to be able to set the lid part 7 on the bottom part 6
so as to effect a positive engagement which ensures that they
will be positioned relative to one another in a definite manner,
the first shaped body 8.1 advantageously projects beyond the
trough 6.1 and is stepped toward the outer side so that it
encloses a larger free inner cross section compared to the
trough 6.1.

The lid part 7 substantially comprises a lid frame 7.1, a lid
12 which is movable in the lid frame 7.1 and which has at least
one through-hole 7.3.1 adapted to the circumference size of a
commercially available pipette tip/dispensing needle 16 of an
automated pipetting device 15. According to a first embodi-
ment example shown in FIGS. 1 to 4, the 1id 12 is formed of
anouter lid 7.2 and arotatable inner 1id 7.3 which is integrated
in the outer lid 7.2.

The lid frame 7.1 is reinforced at the underside facing the
bottom part 6 by a second portion of the thermal insulation 8
which is formed as a second shaped body 8.2. The outer
circumferential shape and circumferential size of the second
shaped body 8.2 corresponds to the outer circumferential
shape and circumferential size of the first shaped body 8.1. It
is stepped circumferentially toward the inner side such that a
positive engagement is brought about between bottom part 6
and lid part 7 when the lid part 7 is placed on the bottom part
6. The portion 5.1 of the cooling receptacle in the lid part is
formed by a formation 8.3 in the second shaped body 8.2. The
formation 8.3 advantageously has a free inner cross section
equal to the outer cross section of the trough 6.1. Two oppos-
ing recesses 8.4 are advantageously provided in the second
shaped body 8.2 to provide space for two tray handles 9.2 of
atray 9.

For a convenient and secure handling of the loaded rack 3,
particularly when inserting it into or removing it from the cold
box 1, this rack 3 is advantageously accommodated on a tray
9 standing in the cooling receptacle 5. The tray 9 has a
frame-shaped tray base 9.1 adapted in size to the rack 3 and
lateral tray handles 9.2.

The lid frame 7.1 has two parallel frame parts 7.1.1
between which the outer lid 7.2 is movable in direction of the
columns 3.2 of the filled rack 3 proceeding from a central
position (see FIG. 1a) in positive and negative direction
between two end positions (see, e.g., FIG. 15). The possible
movement path is advantageously equal to one half of the
length of the rack 3. The length of the outer lid 7.2 is selected
in such a way that the cooling receptacle 5 also remains
completely covered by the outer lid 7.2 and the inner 1id 7.3 in
the end positions.

According to the first embodiment example shown in
FIGS. 1 to 4, the inner lid 7.3 is round and is rotatable inside
the outer lid 7.2 by at least 180° around the geometric center
of'the outer 1id 7.2. A quantity of through-holes 7.3.1 equiva-
lent to one half of the quantity of tube-shaped vessels 2
arranged in a row 3.1 is provided in the inner lid 7.3 along a
straight line extending radial to the center. Accordingly, there
are four through-holes 7.3.1 in a rack 3 with 8x12 tube-
shaped vessels 2. Their spacing is adapted to the spacing of
the axes of symmetry of the tube-shaped vessels 2 so that the
four through-holes 7.3.1 can be positioned above tube-shaped
vessels 2 arranged along a half-row 3.1 so as to be aligned
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with them. The through-holes 7.3.1 are advantageously as
small as possible and as large as necessary for the insertion of
commercially available pipette tips/dispensing needles 16. A
through-hole 7.3.1 can be positioned so as to be aligned with
each tube-shaped vessel 2 through a combination of move-
ment of the outer lid 7.2 and rotation of the inner lid 7.3.

To automate the movement and rotation, at least one cou-
pling element 7.3.2 is advantageously provided off-center at
the inner lid 7.3, and an externally controlled and driven
gripper can be connected to the inner lid 7.3 by means of this
at least one coupling element 7.3.2. By means of the con-
nected gripper, a rotational movement can be directly initi-
ated in the inner lid 7.3 and a feed movement can be indirectly
initiated in the outer lid 7.2 so that the at least one through-
hole 7.3.1 can be positioned over each individual tube-shaped
vessel 2 in the rack 3 by the movement of the outer lid 7.2 and
the adjustment of the inner 1id 7.3. The gripper can be secured,
for example, to a portal spanning a large area of the laboratory
and can be used simultaneously for a plurality of cold boxes
1 according to the invention.

The controlling means and the drives corresponding to the
movement can also be provided at the cold box 1 itself.
However, this would make the cold box 1 substantially more
expensive, more prone to breakdown, heavier and less man-
ageable. In principle, the cold box 1 can also be operated
manually. Positioning of the inner lid and outer lid can also be
carried out by means of a shaft provided at the automated
pipetting device 15 for receiving pipette tips 16.

The idea upon which the cold box is based also allows the
through-holes 7.3.1 to be formed large enough that the tube-
shaped vessels 2 can be inserted through them into the cold
box and can be deposited specifically in the individual spaces
in the rack 3. However, constructing and using the cold box 1
in this way has the drawback that not only the sample, which
is generally at room temperature, but also the tube-shaped
vessels 2 must be inserted into the cooling receptacle 5 and
cooled down. Therefore, cooling takes longer and there is a
substantially greater risk that the protective gas 4 will par-
tially escape via the through-holes 7.3.1 and that air will
penetrate, which can happen particularly in case of shaking of
the cooling receptacle 5 causing turbulence in the protective
gas 4 and drafts in the laboratory. In this case, substantial
advantages afforded by the cold box 1 according to the inven-
tion would be forfeited.

Owing to the fact that only pipette tips/dispensing needles
16 are inserted briefly and also only partially into the cooling
receptacle 5, the temperature inside the cooling receptacle 5
does not change or does not measurably change. The sample
is dispensed into the tube-shaped vessels 2 which have
already been cooled beforehand to the desired temperature so
that an extremely fast cooling of the sample takes place within
a few minutes.

Various embodiment examples of the lid 12 are shown in
the following. In the most simple variant, the lid 12 according
to a second embodiment example shown in FIG. 5 is con-
structed in one part and has a series of through-holes 7.3.1 in
a quantity equal to the quantity of columns 3.2, e.g., eight,
which are arranged on a straight line perpendicular to the
moving direction of the lid 12. In an inferior embodiment, a
slot could be provided instead of through-holes 7.3.1. The lid
12 is movable from a central position in two directions to an
end position so that the series of through-holes 7.3.1 can be
positioned successively over all rows 3.1. Here again, as in the
first embodiment example and the embodiment examples to
be described later, the cooling receptacle 5 remains closed by
means of the lid part 7. The series of through-holes 7.3.1 is
advantageously located in the end positions above the second
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shaped body 8.2 so that the cold box 1 is tightly closed in these
positions, i.e., there is no longer communication with the
atmosphere via the through-holes 7.3.1. In this case, the lid 12
and the second shaped body 8.2 and the possible movement
path must be longer than the length of the columns.

According to a third embodiment example shown in FIG.
6, the inner lid 7.3 can be moved in the same direction as the
outer lid 7.2 so as to be guided on the outer lid 7.2 in guide
rails 14. A diagonally running slot which overlaps with a
slot-shaped cutout 7.2.1 in the outer lid 7.2 and releases an
opening 13 moving in direction of row 3.1 is provided in the
inner lid 7.3. Instead of the slot, a series of through-holes
7.3.1 could also be advantageously provided in the inner lid
7.3.

According to a fourth embodiment example shown in FI1G.
7, the inner 1id 7.3 is arranged on the outer lid 7.2 so as to be
movable orthogonal to the movement direction of the outer lid
7.2 in guide rails 14. Two through-holes 7.3.1, for example,
are provided in the inner lid 7.3.

In a fifth embodiment example shown in FIG. 8, the inner
lid 7.3 is rotatably arranged on the outer lid 7.2. A spiral-
shaped arrangement of through-holes 7.3.1 is incorporated in
the inner lid 7.3 so as to form an opening 13 when overlapping
with a slot-shaped cutout 7.2.1 in the outer lid 7.2, which
opening 13 moves in direction of row 3.1 when the inner lid
7.3 is moved relative to the outer lid 7.2. Instead of the
arrangement of through-holes 7.3.1, a spiral-shaped slot can
also be provided. A large number of further embodiments are
possible.

The cooling device 10 shown in FIGS. 3a and 35 comprises
a Peltier cooler 10.1 and a liquid circulating cooler 10.2 and is
integrated in the thermal insulation 8 formed by the first
shaped body 8.1 such that the Peltier cooler 10.1 contacts the
bottom of the trough 6.1 over a large area with its lateral
surfaces and accordingly provides for a constant temperature
of'the trough 6.1 with the aid of a temperature sensor provided
in the trough and the control electronics connected thereto.
The liquid circulating cooler 10.2 abuts at the opposing
(warm) side of the Peltier cooler 10.1 and accordingly acts as
a heatsink for the Peltier cooler 10.1. The liquid circulating
cooler 10.2 comprises a cooling plate with cooling channels
10.2.1 and connections 10.2.2 which can be connected by a
hose system to a heat exchanger or to a laboratory thermostat.
Instead of this, the so-called warm side of the Peltier cooler
10.1 could also have a combination of cooling ribs and fans.
However, this would not be favorable for automated labora-
tory installations with respect to evaporation and contamina-
tion or noise. Two fold-down handles are advantageously
provided at the cooling receptacle 5 for transporting it.

While the invention has been illustrated and described in
connection with currently preferred embodiments shown and
described in detail, it is not intended to be limited to the details
shown since various modifications and structural changes
may be made without departing in any way from the spirit of
the present invention. The embodiments were chosen and
described in order to best explain the principles of the inven-
tion and practical application to thereby enable a person
skilled in the art to best utilize the invention and various
embodiments with various modifications as are suited to the
particular use contemplated.

LIST OF REFERENCE NUMERALS

1 cold box

2 tube-shaped vessels
3 rack

3.1 row

25

30

35

40

45

55

60

65

3.2 column

4 protective gas

4.1 feed line

5 cooling receptacle

5.1 portion of the cooling receptacle in the lid part 7
5.2 portion of the cooling receptacle in the bottom part 6
6 bottom part

6.1 trough

7 lid part

7.1 1id frame

7.1.1 frame strips

7.2 outer lid

7.2.1 cutout

7.3 inner lid

7.3.1 through-hole

7.3.2 coupling element

8 thermal insulation

8.1 first shaped body

8.2 second shaped body

8.3 formation

8.4 recess

9 tray

9.1 tray bottom

9.2 tray handle

10 cooling device

10.1 Peltier cooler

10.2 liquid circulating cooler
10.2.1 cooling plate with cooling channels
10.2.2 connections

11 gas sensor

12 lid

13 opening

14 guide rails

15 automated pipetting device
16 pipette tip/dispensing needle

What is claimed is:

1. A cold box having a rack loaded with tube-shaped ves-
sels for automated filling by an automated pipetting device,
comprising a bottom part and a lid part, a rack which is
adapted to be loaded with tube-shaped vessels in a matrix of
rows and columns, wherein said rows extend along the width
of the rack and said columns extend along the length of the
rack, a cooling receptacle enclosed by thermal insulation at
least partially arranged in the bottom part and adapted to an
outer dimensions of the loaded rack, and in which the loaded
rack is placed, said lid part having a lid frame and a lid, said
lid being movable in the lid frame in a direction of the col-
umns or rows of the rack and in which is provided a quantity
of openings which are adapted to a circumference size of a
commercially available pipette tip/dispensing needle of an
automated pipetting device so that one of the openings can be
positioned over each individual tube-shaped vessel in the
rack, said lid completely covering the cooling receptacle in
every position so that a dry protective gas with which the
cooling receptacle is filled and which is heavier than air
remains in the cooling receptacle, and a cooling device which
is integrated in the thermal insulation in the bottom part and
which contacts the cooling receptacle, wherein the lid is
formed of an outer lid with a cutout that reaches at least over
the length of a column and an inner lid which is adjustable
relative to the outer lid and which covers the cutout, wherein
the at least one opening is a though-hole in the inner lid and
can be positioned with respect to the tube-shaped vessels by
moving the outer lid and adjusting the inner lid.

2. The cold box according to claim 1, wherein the inner lid
is integrated in the outer lid.
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3. The cold box according to claim 1, wherein the inner lid
is round and is rotatable by at least 180° around the geometric
center of the outer lid, and the quantity of through-holes is
equivalent to one half of the quantity of tube-shaped vessels
arranged in a row, wherein the through-holes are arranged on
a straight line radial to the center of the outer lid.

4. A cold box having a rack loaded with tube-shaped ves-
sels for automated filling by an automated pipetting device,
comprising a bottom part and a lid part, a rack which is
adapted to be loaded with tube-shaped vessels in a matrix of
rows and columns, wherein said rows extend along the width
of the rack and said columns extend along the length of the
rack, a cooling receptacle enclosed by thermal insulation at
least partially arranged in the bottom part and adapted to the
outer dimensions of the loaded rack, and in which the loaded
rack is placed, said lid part having a lid frame and a lid, said
lid being movable in the lid frame in a direction of the col-

10

15

10

umns or rows of the rack and in which is provided a quantity
of openings which are adapted to a circumference size of a
commercially available pipette tip/dispensing needle of an
automated pipetting device so that one of the openings can be
positioned over each individual tube-shaped vessel in the
rack, said lid completely covering the cooling receptacle in
every position so that a dry protective gas with which the
cooling receptacle is filled and which is heavier than air
remains in the cooling receptacle, and a cooling device which
is integrated in the thermal insulation in the bottom part and
which contacts the cooling receptacle, wherein the lid is
displaceable in the lid frame proceeding from a central posi-
tion in positive or negative direction by one half of the length
of the rack between two end positions, wherein the length of
the lid is selected such that the cooling receptacle remains
completely covered by the lid also in the end positions.

#* #* #* #* #*



